A factorial experiment (3 X 5) 
soil fertilized with sewage sludge was more effective in reducing the residues of such heavy metals pollute in growing medium. Key words: Heavy metals, eucalyptus species grown, sandy soil amended, sewage sludge.
These species are traditionally planted as windbreak, for shade and to supply wood for lumber, particle board and charcoal production. El-Settawy and El-Harriry (2009) on Eucalyptus camaldulensis, Casuarina glauca and Acacia saligna found that application of sewage sludge increased heavy metals (Zn, Pb and Cd) in shoot tissues, woods from bark to pith and in soil. However, eucalyptus seedlings displayed bioextractability towards heavy metals (Assareh et al., 2008) . Translocation factor of Ni (TF < 0.7) was the most efficiently up taken metals, whereas the TF for Pb varied from 0.4 to 0.7. Values of TF of certain metals were higher in trees grown on sludge than in naturally grown (Dutkus and Baltrenaite, 2007) , this means that tree species may be successfully planted in soil fertilized with sewage sludge. Furthermore, Bose et al. (2008) found that metals (Cr, Fe, Cd, Cu, Ni, Zn, Mn and Pb) accumulation in different parts of Cenna indica L. grown on industrial sludge-amended soil was increased with time and increasing the used sludge dose. Also, metals concentration in Cenna indica L. after 90 days growth was in the order of Fe < Cr < Mn < Zn < Ni < Cu < Cd < Pb and the metals translocation was found lesser in shoots. However, Jingjun et al. (2008) concluded that the suitability for land application of sewage sludge can be limited by the presence of heavy metals. In addition, Wang et al. (2008) found that the soil nutrient content, organic matter and heavy metals concentrations were increased after sewage sludge application.
So, this research aimed to evaluate the efficiency of three eucalyptus species (E. citriodora, E. gomphocphala and E. camaldulensis) grown under sandy soil conditions to absorption some heavy metals resulted from sewage sludge application to reduce or eliminate their contamination.
MATERIALS AND METHODS
This study was carried out at the Experimental Farm of El-Kassasin Hort. Res. Station, Hort. Res. Inst., Agric Res. Center, Egypt during the two successive growing seasons of 2009/10 and 2010/11 aiming to evaluate the efficiency of some eucalyptus species grown under sandy soil conditions to absorb some heavy metals resulted from sewage sludge (biosolids) application to reduce or eliminate their contamination.
The experimental layout was factorial experiment between three Eucalyptus species and five sewage sludge levels, so the experiment was implicated fifteen treatments. These treatments were arranged as a split -plot in a randomized complete block design with three replicates, each replicate contained six plants (six polyethylene bags, each contain one plant). E. species were randomly assigned in the main plots, while the sewage sludge levels were randomly arranged in the sup-plots.
Eucalyptus species: Three Eucalyptus species were tested; i.e., E. citriodora L. (Limon scented spotted gum), E. gomphocephala Dehn (Turat) and E. camaldulensis Dehn (River-redgum or Murrary red gum). They were purchased from a commercial nursery as a uniform transplants aged one year old on April 1 st for the two tested seasons. Sewage sludge levels: Treatment bulks of sewage sludge were supplied by Ismailia Waste Water Station at Sarabium. Chemical and physical properties of the used sewage sludge are shown in Table 1 . It was used only once by mixing it with the sandy soil before eucalyptus transplanting. The five tested levels of sewage sludge (biosolids) were 0, 10, 20, 30 or 40 %, (w/ w).
On April 1 st for the two tested seasons, sewage sludge at the above mentioned levels were mixed with sandy soil ( analyzed as: 83.0% sand, 7.9 pH, 0.62 % organic matter, 123 ppm N, 199 ppm P and 144 ppm K). Then, the uniform eucalyptus transplants were transplanted in 17 x 25 cm black polyethylene bags, one transplant/ bag. After that, bags were set under lathe house conditions for two weeks, and then transferred to open conditions. All normal agriculture practices were done when ever needed until the end of experiment on April 1 st 2010 and 2011 for the 1 st and 2 nd seasons, respectively (one year after planting). Recorded Data: On April 1 st 2010 and 2011 for the 1 st and 2 nd seasons, respectively at the end of experiment (one year after planting), the following data were recorded: 1. Absorbed Heavy metals by eucalyptus plant tissues: Leaf, stem and root samples for chemical analysis were randomly taken; and they were dried at 70C for 72 hours, finely ground and wet digested. Then, concentration of Zn, Pb and Cd were determined according to the method of Page et al. (1982) using Atomic Absorption spectrophotometer set (Perkiin Elmer 3300). Element concentrations in plant tissues were calculated and expressed as mg/ kg dry weight. Also, uptake of different plant organs and the total plant uptake of each element were calculated. Additionally, elements translocation from root to stem (stem/ root) and from root to leaves (leaves/ roots) was also calculated according to Ghorab (2005) . 2. Residues heavy metals in growth medium: Samples of the used soil mixtures were taken at the end of experiment, then they were digested using a ternary acid mixture of concentrated nitric acid + concentrated sulphuric acid + perchloric acid (60%) as recommended by (Hess 1971) . After that, heavy metals concentrations of Zn, Pb and Cd were determined in the digested solution using Atomic Absorption spectrophotometer (Perkiin Elmer 3300).
Statistical analysis:
Collected data were subjected to statistical analysis according to Steel and Torrie (1980) . Mean separation was done using least significant difference (L.S.D) at 5% level.
RESULTS AND DISCUSSION

Absorbed Heavy metals by eucalypts plant tissues;
1.1 heavy metals contents: Data presented in Table 2 indicated that, eucalyptus species recorded significant differences among them for heavy metals (Zn, Pb and Cd) content in leaves, stem and root. Eucalyptus gomphocephala recorded the highest value of Zn, Pb and Cd in different plant organs, while E. citriodora recorded the lowest values in this respect. On the other hand, E. camaldulensis gave the intermediate values between the two other species. Eucalyptus gomphocephala retained the highest values of Zn (42.5, 17.3 and 47.9 mg/kg DW for leaves, stem and root, respectively), Pb (7.71, 8.33 and 7 .67 mg/kg DW) from leaves, stem and roots, respectively) and Cd (2.06, 2.06 and 7.78 mg/kg DW for leaves, stem and roots, respectively.) Data in the same Table 2 showed that all treatments of sewage sludge gave significant increments of Zn, Pb and Cd contents in leaves, stem and root as compared to control treatment. Plantation in mixture medium containing 40 % wedge sludge + 60 % sandy soil recorded the highest values of Zn content in leaves, stem and root (53.20, 21.50 and 57.45 mg /kg DW), respectively), Pb (10.10, 11.9 and 11.1 mg/kg DW, respectively) and Cd (2.47, 2.55 and 9.03 mg/kg DW, respectively).
Also, interaction treatments between eucalyptus species and sewage sludge rates had significant effects on Zn, Pb and Cd contents in different plant organs (Table 2) . Planted E. gomphocephala in sandy soil contained 40 % sewage sludge gave highest values of Zn, Pb and Cd contents in leaves, stem and roots as compare to the other interaction treatments.
Heavy metals uptake by different plant organs:
Results in Table 3 show that, there were significant differences among three Eucalyptus species under study respecting heavy metals uptake by leaves, stem and roots. Eucalyptus gomphocephala was the superior in uptake the three determined metals. Since, it had the highest values of Zn uptake in leaves, stem and roots (8224, 11446 and 12533 mg/kg DW, respectively); Pb uptake in leaves, stem and root (1581, 6179 and 1912 mg/kg DW, respectively) and Cd uptake in leaves, stem and root (399, 1324 and 2000 mg/kg DW, respectively). While, E. citriodora exhibited the lowest values in different plant organs in this respect.
Mixing sewage sludge at the different rates with the used sandy soil had significant effects on Zn, Pb and Cd uptake by different plant organs compared to control treatment (Table 3) . Planted eucalyptus in mixture media of 30 % sewage sludge + 70 % sandy soil recorded maximum values of Zn uptake by different plant organs; i.e., 11012 mg/kg DW by leaves, 13014 mg/kg DW by stem and 13168 mg/kg DW by roots. Also, the same treatment gave maximum values of Pb by leaves and roots (2195 and 2544 mg/kg DW, respectively). While application of sewage sludge at the rate of 40 % recorded maximum values of Pb uptake by stem (8082 mg/kg DW). However, the highest values of Cd uptake by different plant organs were obtained by 30 % sewage sludge + 70 % sandy soil (524, 1531 and 2416 mg/kg DW for leaves, stem and root, respectively).
Regarding interaction treatments, data in Table 3 indicate that , plantation E. gomphocephala in the mixture medium contain 30 % sewage sludge + 70 % sandy soil gave the highest values of Zn uptake by leaves ( 13860 mg/kg DW), Pb uptake by leaves and roots( 2974 and 3824 mg/kg DW, respectively) and Cd uptake in leaves, stem and root ( 678, 2212 and 3739 mg/kg DW, respectively). In addition, planted E. gomphocephala in the mixture media contain 40 % sewage sludge + 60 % sandy soil gave the highest values of Zn uptake by stem and root ( 19577 and 24096 mg/kg DW, respectively) and Pb uptake by stem (15539 mg/kg DW).
Total heavy metals uptake per plant:
Results of Table 4 indicate that there were significant differences between Eucalyptus species for total plant uptake of Zn, Pb and Cd. The highest values of Zn, Pb and Cd total uptake by plant (32203, 9672 and 3724 mg/kg DW, respectively) were noticed in E. gomphocephala, while the lowest values in this respect were recorded in E. citriodora. sewage sludge effects on the total plant uptake of different estimated metals, data of Table 4 , indicate that fertilized eucalyptus plants with sewage sludge at different levels had significant increments regarding Zn, Pb and Cd total uptake by plant as compared to control treatment (without sewage sludge). Plantation eucalyptus plants in mixture medium contain of 30 % sewage sludge + 70 % sandy soil gave the highest values of Zn and Cd total uptake (35248, 4462 mg/kg DW, respectively). While plantation in the mixture contain 40 % sewage sludge + 60 % sandy soil gave the highest value of Pb total uptake by seedling (12270 mg/kg DW). The interaction of eucalyptus species X sewage sludge levels recorded significant increases in Zn, Pb and Cd total uptake by plant (Table 4 ). The combination treatment of E. gomphocephala X sewage sludge at 40 % recorded the highest values of Zn and Pb total uptake by plant (55975 and 21558 mg/kg DW, respectively), while, the highest value of Cd total uptake (6630 mg /kg DW) was recorded under effect of interaction between E. gomphocephala and sewage sludge at 30 %.
Translocation factors (TF) ratio of Zn, Pb and Cd in leaves and stem
Data in Table 5 reveal that there were significant differences between different eucalyptus species for Zn and Pb TF in leaves and for Pb TF in stem, while Cd TF to leaves and stem did not significantly affected among different eucalyptus species. Eucalyptus citriodora came in the first rank (1.04 and 1.14) for Zn and Pb TF in leaves and Cd TF in stem (0.32).
Addition of sewage sludge at different levels recorded significant increments in TF of Zn and Pb in leaves and stem as compared to control. But, it had no significant effect on TF of Cd in leaves and stem compared to control (Table 5) . Sewage sludge at 20 % gave highest value of Zn TF in leaves and stem (1.04 and 0.42, respectively). While, the lowest level (10 %) of sewage sludge recorded the highest value of Pb TF in leaves (1.54) and Cd TF in stem (0.30). The highest value of Pb TF in stem (1.07) was obtained mixing sewage sludge at 40 % with the sandy soil.
The interaction between eucalyptus species and sewage sludge had significant effect on Zn and Pb TF in leaves and stem, while did not significantly affect on Cd TF in leaves and stem (Table 5 ). The interaction of E. citriodora X sewage sludge at 30 % gave the highest value of Zn TF in leaves (1.11), while, the highest value of Zn TF in stem (0.44 %) was obtained by the interaction between E. camaldulensis and sewage sludge at 40 %. However, E. gomphocephala planted in sandy soil contained 40 % sewage sludge recorded the highest value of Pb TF in stem (1.46). Meanwhile, the highest value of Cd TF in leaves and stem (0.33 and 0.35, Ghorab (2005) . * Sewage sludge was applied by mixing it at different tested rates with the sandy planting medium before eucalyptus seedling transplanting. respectively) were obtained by the combination between E. citriodora and sewage sludge at 20 % per seedling Generally, these results indicate that, the highest content of heavy metals was found in stem, leaf and root tissues in most cases with high sewage sludge levels (30 or 40 %). Such results are in harmony with those obtained by Dutkus and Baltrnaite (2007); Lazdi et al. (2007) on willow Assareh et al. (2008) on eucalyptus spp., Bose et al. (2008) on canna, Jingjun et al. (2008) on pinus radiata, Wang et al. (2008) on some grass and ElSettawy and El-Hariry (2009) on eucalyptus camaldulensis, Casuarina glauca and Acacia saligna. All found that, the sewage sludge treatment gave high concentration of heavy metals in different plant organs
Little is known about the mechanism of metal ion translocation to the shoot, though it was suggested that coordination of the metal ion with free histidine may play a role ( Kramer et al., 1996) . Once in the shoot, the hyperaccumulated metals such as Cd, Ni and Zn accumulate preferentially in either the epidermal or mesophyll cells, depending on the plant species.
Residues heavy metals in growth medium:
Some residues heavy metals (Zn, Pb and Cd) in the used soil as affected by planting eucalyptus species under different tested levels of sewage sludge are shown in Table 6 .
It is clear that Zn, Pb and Cd metals residues in the used soil was mostly increased as sewage sludge level was increased up to the highest level of 40 % sewage sludge. The maximum values of Zn, Pb and Cd were recorded under 40 % sewage sludge level regardless planted eucalyptus species. In addition, soil analysis of E. citriodora recorded the highest contents of the three heavy metals (Zn, Pb and Cd) as compared to soil analysis of E. camaldulensis and E. gomphocephala, respectively. Also, it could be noticed that E. gomphocephala was more effective in reducing the evaluated three heavy metals in soil. Since, under the same level of sewage sludge application plantation E. gomphocephala apparently reduced the residues metals of Zn, Pb and Cd in the soil comparing to of E. citriodora or E. camaldulensis.
Conclusively, for overcoming heavy metals pollution problem resulted from sewage sludge fertilizer application under sandy soil conditions, it could be recommend that planting E. gomphocephala. Since, this species proved its capability for absorb and reduce the residues of these elements in soil. Conclusively, for overcoming heavy metals pollution problem resulted from sewage sludge fertilizer application under sandy soil conditions, it could be recommend that planting E. gomphocephala. Since, this species proved its capability for absorb and reduce the residues of these elements in soil.
